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• W’ boson resonances
• 4th generation t’ quark
• Flavour Changing Neutral Currents
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2
F. Badaud, DIS 2011

arXiv:1101.0806v2 [hep-ex] 19 Feb 2011



Heavy W’ resonances

•Production

•Decay

• left-handed  couplings of W’, interference with SM taken into account
• right-handed  couplings of W’ 

✦if                               decays to
✦if                               only decays to                 

m(W�
R) > m(νR)

m(W�
R) < m(νR) q̄q

�ν and q̄q

Right and left couplings of W’ to the fermion doublet

L =
Vfifj

2
√

2
gwf̄iγ

µ(aR
fifj

(1 + γ5) + aL
fifj

(1− γ5))W �
µfj + h.c.
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Motivation

• W' is predicted by many extended SM physics models:

– technicolor, composites and little Higgs models, universal 

extra dimensions, left-right symmetry

• This is an extension of the 0.9fb
-1 

result of evidence for SM 

production of singletop at D! (V.M. Abazov et al. (D! Collaboration) 

Phys. Rev. Lett. 98, 181802 (2007))

– only looking at W' "#tb or W'" tb 

• has a relatively small multijet background and is less 

model dependent 

SM W production W' production

    

600 < massW’ < 1000 GeV/c2 

• effective    for W’ interactions w/ SM fermions       written in a model independent form:fijL

search for W� → 3rd quark generation

F. Badaud, DIS 2011

aLud aLtb aRud aRtb
purely left-handed couplings 1 1 0 0
purely right-handed couplings 0 0 1 1
equal mixture 1 1 1 1



W’→tb :  sample selection signal extraction and yields
• single top selection restricted to 2, 3 or 4 jets, (24 channels)

4

• 1 isolated lepton pT>15 GeV/c, 
• MET > 20 (25) GeV from the undetected neutrino, 
• two (three or four) jets pT> 15 GeV/c, leading jet pT > 25 GeV/c, 
one  or two b-tagged jet.
• tb invariant mass :        reconstructed with the invariant mass of the 
leading two jets,  the charged lepton and the neutrino by adding their 
measured momentum 4-vector, > 400 GeV

• The sensitivity is enhanced through multivariate discriminant based on 
boosted decision trees     
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events in which a jet mimics the signature of an isolated
charged lepton. It is modeled using control data samples
with non isolated leptons. The dominant background for
our search originates from W+jets production. Smaller
sources of backgrounds are from tt pair, t-channel single
top quark (tqb), diboson, and Z+jets events. The
diboson (WW , WZ, ZZ) backgrounds are modeled
using pythia [15]. The other background processes
are modeled using the alpgen [16] event generator and
subsequently hadronized using pythia. The fraction
of W+heavy flavor events (Wbb̄, and Wcc̄) is obtained
by scaling the cross sections calculated by alpgen

to the NLO cross section by a factor of 1.47. An
additional correction factor of 0.95 ± 0.13, derived from
data samples with different number of b-tagged jets,
is applied. The Wc+light parton cross sections are
scaled by a factor of 1.38. All processes except the
W+jets and multijets background are normalized to
their expected cross sections [17, 18]. The W+jets
and multijets yield are obtained by normalizing to the
data sample after subtracting all other backgrounds and
before selecting events based on b-tagged jets. At this
point in the selection, the data are completely dominated
by background and any contamination from a W ′ boson
signal is negligible.

The sensitivity of the search is maximized by dividing
the data into 24 independent channels based on lepton
flavor (e, µ), jet multiplicity (2, 3, 4), number of b-
tagged jets (1, 2), and two data collection periods, to
take into account different signal acceptances and signal-
to-background ratios [7]. After applying all selections, we
find the event yields for data and backgrounds as shown
in Table I. The requirement

√
ŝ > 400 GeV accepts

most of the W ′ contribution but eliminates most of the
W boson contribution. As the mass of the W ′ boson
increases, its contribution to the tb final state decreases
relative to that of the W boson, and therefore, the
efficiency of this requirement decreases between 3.5% and
0.5% for W ′ boson masses between 600 and 1000 GeV.

TABLE I: Data and SM background event yields with
systematic uncertainties.

Process Events
tqb 26.4 ± 2.5
tt̄ 424.7 ± 58.4
W+jets 279.5 ± 18.3
Z+jets 26.0 ± 3.2
Dibosons 13.0 ± 1.6
Multijets 60.5 ± 10.8
Total background 830 ± 62
Data 831

At this stage, the expected W ′ boson signal would
constitute only a small fraction of the selected data
sample. To improve discrimination, we calculate a

multivariate discriminant based on BDTs that separates
the W ′ boson signal from background and thus enhances
the probability to observe W ′ boson production. We
compute the discriminant independently in each of the
24 channels. The input variables used to train the BDT
discriminants take into account the kinematic properties
and angular correlations of the reconstructed objects
and the topology of the event. A BDT is trained
for each W ′ boson mass value using the Monte Carlo
sample generated with aL = aR = 1. The final
discriminant for all 24 channels combined is shown in
Fig. 1(a). To represent the discriminant distribution
expected from an arbitrary combination of couplings,
we combine samples of W ′ decays generated with left-
handed, right-handed and mixed couplings and SM s-
channel tb production based on theoretical expectations
from Ref [3]. Background events preferentially populate
the low discriminant region whereas signal events are
clustered towards high discriminant values. We observe
good agreement between background prediction and data
in all channels. The data show no deviation from
background only expectations and we set 95% C.L. upper
limits on the cross section for the process W ′ → tb →
!νbb using Bayesian statistics [19]. A Poisson distri-
bution for the observed counts and a flat non-negative
prior probability for the signal cross section are assumed.
Systematic uncertainties are taken into account with
Gaussian priors.

The systematic uncertainties that affect the signal
and background models are described in Ref. [20]. The
largest sources of systematic uncertainties are the jet
energy scale calibration and the modeling of b-tagging
performance. Smaller uncertainties arise from the finite
size of the MC samples, the corrections of the flavor
composition of W+jets events, and from the normal-
ization of the background. The total uncertainty in
the background yield varies between 8% and 10% for
the different channels. In determining the effect of
the uncertainties from jet energy scale calibration, b-tag
modeling, and W+jets modeling, we take into account
changes in the shape of the discriminant distributions in
addition to normalization effects.

The cross section for single top quark production in the
presence of a W ′ boson for any set of coupling values can
be written in terms of the cross sections σL for purely
left-handed couplings (aL, aR) = (1, 0), σR for purely
right-handed couplings (aL, aR) = (0, 1), σLR for mixed
couplings (aL, aR) = (1, 1), and σSM for SM couplings
(aL, aR) = (0, 0). It is given by:

σ = σSM + aL
uda

L
tb (σL − σR) (2)

+
(

(

aL
uda

L
tb

)2
+

(

aR
uda

R
tb

)2
)

(σR − σSM )

+
1

2

(

(

aL
uda

R
tb

)2
+

(

aR
uda

L
tb

)2
)

(σLR − σL − σR + σSM ) .

The predicted cross section for SM single top quark

see C. Gerber’s talk 
Heavy Flavours session

√
ŝ



W’→tb : results 
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• Couplings to first and third generation quarks taken as equal

 Pure right-handed couplings of W’

F. Badaud, DIS 2011

•  for each W’ mass, construct signal templates varying left/right-handed 
couplings  between 0 and 1 in step of 0.1

M(W’)<M(νR) : M(W’)>890 GeV/c2

M(W’)>M(νR) : M(W’)>885 GeV/c2

at 95 % C.L.



W’→tb : results
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F. Badaud, DIS 2011

at 95 % C.L.

M(W’)>916 GeV/c2M(W’)>863 GeV/c2

 Pure left-handed W’  Mixed couplings W’



W’→tb : results
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at 95 % C.L.

• 2 of the 3 parameters, aL, aR, M(W’) are fixed and the cross-section 
limit is interpolated in the third parameter value
• Summary plots for the limits on W’ mass and couplings

F. Badaud, DIS 2011

• lower limits on W’ mass • upper limits on aL
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Search for a 4th generation t’ quark
decaying to a W and a jet

F. Badaud, DIS 2011

preliminary results submitted 

Search For Heavy Top (t’) 
in Lepton+Jets Events

• Constraints on 4th generation fermion 
(LEP)

• M(ν’) > M(Z)/2

• M(t’) - M(b’) < 50 GeV

• t’ Modeling 

• M(t’) - M(b’) < M(W)

• t’ ! Wq (q is any down-type quark)

• pair production via strong interaction

CDF

5Monday, March 21, 2011



• Constraints on 4th fermion generation  from LEP and precision 
electroweak data :

• but, assuming 

4th generation t’ quark
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• m(ν’) > m(Z)/2 
• m(t’)-m(b’) < 50 GeV

F. Badaud, DIS 2011
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• pair production via strong interaction
• t’→ Wq  (q is any down-type quark) 

→generic search for new particles that are pair produced and decay to Wq

Aleph, Delphi, L3, Opal, SLD working groups, Phys. Rep. 427 (2006)
G.D.Kribs, PRD76,075016 (2007)
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• one isolated lepton

 electron PT> 20 GeV/c  |η|<1.1
 µ PT > 20 GeV/c  |η|<2.0

• MET >  20 (25) GeV 
• >= 4 jets with Pt> 20 GeV/c, leading jet Pt > 40 GeV/c

first analyze the e+jets and mu+jets data separately 

• use histograms of HT versus mfit to discriminate between t’ signal and backgrounds  
• HT= lepton PT+ PTmiss+ sum jet PT

• mfit= reconstructed mass from kinematic fit to t’t’-> WbWb->lvbqq’b  
    consider all 12 jet permutations and 2 neutrino pz solutions choose permutation 
with smallest χ2

10

4th generation t’ quark : selection
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TABLE II: Summary of systematic uncertainties above 1%.

Some values vary with channel and with the time at which

the data were taken. The numbers give the range for the size

of the uncertainties.

Source t
�
t̄
�

tt̄ multijets

tt̄ cross section — 9% —

Multijets normalization — — (25–50)%

Integrated luminosity 6.1% 6.1% —

MC model — 4.3% —

Trigger efficiency ≤5% ≤5% —

pp̄ collision point 1.6% 1.6% —

Lepton identification (3–4)% (3–4)% —

Jet energy calibration (1–2)% (2–5)% —

Jet energy resolution (1–2)% (2–3)% —

Jet identification 1% (1–3)% —

FIG. 2: Distributions of (a) HT and (b) mfit for e+jets data

and (c) HT and (d) mfit for µ+jets data compared with ex-

pectations. The W/Z+jets category also includes single top

quark and diboson production. The t
�
t̄� signal is normalized

to the expected yield. The unfilled histograms in (c) and (d)

show the distributions with the best fit t
�
t̄�-production cross

section.

We first analyze the e+jets and µ+jets data separately.

Figure 2 shows the distributions of HT and mfit from

the standard model backgrounds and a 325 GeV t
� quark

signal compared to data. There is no visible excess in the

e+jets data. In the µ+jets data we observe an excess of

events over standard model expectations. We can fit the

data best with a t
�
t̄� production cross section of 3.2± 1.1

times the theoretical cross section for a t
� quark mass

of 325 GeV. The value of 1− CLb for the data gives the

probability of getting a local deviation of at least this size

from the standard model expectation in the absence of

physics beyond the standard model. We find a p value of

0.007, corresponding to 2.5 Gaussian-equivalent standard

deviations.

Figure 3 shows the resulting cross section limits com-

pared to the limits expected in the absence of t�t̄� produc-
tion and to the predicted NLO t

� pair production cross

section [21] as a function of the t
� mass. We expect to

be able to exclude t�t̄� production for t� quark masses be-

low 315 GeV in the e+jets channel and below 280 GeV

in the µ+jets channel. The observed cross section limit

allows us to exclude t
�
t̄� production for t

� quark masses

at the 95% C.L. below 295 GeV in the e+jets channel

and below 225 GeV in the µ+jets channel. Combining

e+jets and µ+jets data as shown in Fig. 4, we expect

to exclude t
�
t̄� production for t� quark mass values below

320 GeV. Based on the observed limits we can exclude

t
�
t̄� production for t� quark masses below 285 GeV at the

95% C.L. We achieve the best fit to the data with a t
�
t̄�

production cross section of 1.1±0.5 times the theoretical

cross section for a t
� quark mass of 325 GeV which gives a

p value of 0.015, corresponding to 2.2 standard deviation

from zero.

FIG. 3: Observed and expected upper limits and predicted

values for the t
�
t̄� production cross section as a function of the

mass of the t
�
quark for (a) e+jets, (b) µ+jets. The shaded

regions around the expected limit represent the ±1 and ±2

standard deviation bands.

FIG. 4: Same as Fig. 3 but for both channels combined.

In conclusion, we have searched for pair production of

a t
� quark and its antiparticle followed by their decays

into a W boson and a jet in 5.3 fb−1 of data collected by

the D0 Collaboration at the Fermilab Tevatron Collider.

We do not see a signal consistent with t
�
t̄� production,

although we observe a slight excess of events in the µ+jets

channel. If we use only the e+jets channel we can exclude

t
�
t̄� production for t� quark mass values below 295 GeV at

95% C.L. If we combine the e+jets and µ+jets channels

electrons

muons

4th generation t’ quark : distributions

 we observe a slight excess in mu+jets data over the standard model prediction 
11

preliminarypreliminary

preliminary
preliminary
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for ZZ production [13]. The CTEQ6L1 parton distribu-

tion functions [17] are used for all Monte Carlo samples.

We simulate detector effects using the geant [10] pro-

gram. Random events from collisions are added to all

simulated events to account for pile-up and the events

are reconstructed with the same program as the data.

To define the background model, we estimate the num-

ber of multijet events that enter the final data sample

using a data driven method [18]. We compute the num-

ber of multijet events in the e+jets and µ+jets samples

separately. We then subtract the multijet and all other

backgrounds, except the W+jets background, from the

data, based on their calculated cross sections, and nor-

malize the W+jets contribution to the remaining number

of events. This corresponds to scaling the total number

of W+jets events expected by a factor 1.3. Table I sum-

marizes the resulting composition of the data sample.

When we test for the presence of a t
�
quark signal we fix

the relative normalizations of the W+jets, Z+jets, single

top quark, and diboson backgrounds as given in Table I

but float their overall normalization.

TABLE I: Composition of the final data sample. The number
of W+jets events is chosen to equalize the total number of
events observed and expected.

Source e+jets µ+jets
tt production 678±76 508±55
Single t production 12± 4 8± 3
W+jets 503±87 648±59
Z+jets 41± 7 40± 7
WW , WZ, ZZ+jets 25± 5 21± 5
Multijets 173±42 43±18
Data 1431 1268

To simulate the signal, we use t
�
t̄� production in

pythia and force the decay t
� → Wb. However, since we

do not identify b jets in this analysis, our results are also

applicable to t
�
quarks decaying to a W boson and a light

down-type quark. We set the total width of the t
�
quark

to 10 GeV. This is smaller than the resolution for recon-

structing the t
�
mass, about 60 GeV at mt� = 325 GeV.

and the exact value therefore does not affect the analysis.
We generate events at 13 t

�
-mass values between 200 and

500 GeV.

The scalar sum of the transverse momenta of all jets,

the charged lepton, and the �pT is HT . A kinematic fit to

the t
�
t� → �νbqq�b hypothesis reconstructs the mass mfit

of the t
�
quark. We use the two-dimensional histograms

of HT versus mfit to test for the presence of signal in the

data and to compute 95% C.L. upper limits on the t
�
t̄�

production cross section as a function of t
�
-mass. Fig-

ure 1 shows the scatter plots observed in data and ex-

pected from t
�
t̄
�
production, tt̄ production, and from all

other backgrounds. For each hypothesized value of the

t
�
mass, we fit the data to background-only and to sig-

nal+background hypotheses. We then use the likelihood

ratio L = −2 log(PS+B/PB) as the test statistic, where

PS+B is the Poisson likelihood to observe the data under

the signal+background hypothesis and PB is the Poisson

likelihood to observe the data under the background-only

hypothesis. For the background-only hypothesis, we fit

three components to the data: tt̄ production constrained

to its theoretical cross section, the multijets background

constrained to the number of events given in Table I

and W+jets and all other backgrounds in the propor-

tions given in Table I. For the signal+background fit we

add the t
�
t̄� cross section as a parameter to the fit. The

fit can discriminate between background and signal con-

tributions because their distributions in the HT and mfit

variables are different. For each hypothesis we also vary

the systematic uncertainties given in Table II subject to

a Gaussian constraint to their prior values to maximize

the likelihood ratio [19].

FIG. 1: HT versus mfit for (a) data, (b) tt-production, (c) all
backgrounds, and (d) 325 GeV t

� signal.

We use the CLs method [20] to determine the cross

section limits. Using pseudoexperiments, we determine

the probability to measure values of L that are larger

than the value observed in the data sample for a t
�
signal,

CLs+b, and for no t
�
signal, CLb. The value of the t

�
pair

production cross section for which 1−CLs+b/CLb = 0.95

is the 95% C.L. upper limit. We repeat this procedure

for each t
�
mass point.

Table II summarizes the sources of systematic uncer-

tainties included in the limit calculation. The first four

uncertainties affect the normalization of the components

of our signal and background models. All other uncer-

tainties affect the selection efficiency. When estimating

the effect of uncertainties in the jet energy scale, the jet

identification efficiency, and the jet energy resolution, we

also vary the shapes of the HT and mfit distributions.

No uncertainties are given for the W+jets background

because its normalization is a free parameter of the fit.

•use histograms of HT versus mfit to discriminate between t’ signal and backgrounds  

4th generation t’ quark : 2D distributions

12
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TABLE II: Summary of systematic uncertainties above 1%.

Some values vary with channel and with the time at which

the data were taken. The numbers give the range for the size

of the uncertainties.

Source t
�
t̄
�

tt̄ multijets

tt̄ cross section — 9% —

Multijets normalization — — (25–50)%

Integrated luminosity 6.1% 6.1% —

MC model — 4.3% —

Trigger efficiency ≤5% ≤5% —

pp̄ collision point 1.6% 1.6% —

Lepton identification (3–4)% (3–4)% —

Jet energy calibration (1–2)% (2–5)% —

Jet energy resolution (1–2)% (2–3)% —

Jet identification 1% (1–3)% —

FIG. 2: Distributions of (a) HT and (b) mfit for e+jets data

and (c) HT and (d) mfit for µ+jets data compared with ex-

pectations. The W/Z+jets category also includes single top

quark and diboson production. The t
�
t̄� signal is normalized

to the expected yield. The unfilled histograms in (c) and (d)

show the distributions with the best fit t
�
t̄�-production cross

section.

We first analyze the e+jets and µ+jets data separately.

Figure 2 shows the distributions of HT and mfit from

the standard model backgrounds and a 325 GeV t
� quark

signal compared to data. There is no visible excess in the

e+jets data. In the µ+jets data we observe an excess of

events over standard model expectations. We can fit the

data best with a t
�
t̄� production cross section of 3.2± 1.1

times the theoretical cross section for a t
� quark mass

of 325 GeV. The value of 1− CLb for the data gives the

probability of getting a local deviation of at least this size

from the standard model expectation in the absence of

physics beyond the standard model. We find a p value of

0.007, corresponding to 2.5 Gaussian-equivalent standard

deviations.

Figure 3 shows the resulting cross section limits com-

pared to the limits expected in the absence of t�t̄� produc-
tion and to the predicted NLO t

� pair production cross

section [21] as a function of the t
� mass. We expect to

be able to exclude t�t̄� production for t� quark masses be-

low 315 GeV in the e+jets channel and below 280 GeV

in the µ+jets channel. The observed cross section limit

allows us to exclude t
�
t̄� production for t

� quark masses

at the 95% C.L. below 295 GeV in the e+jets channel

and below 225 GeV in the µ+jets channel. Combining

e+jets and µ+jets data as shown in Fig. 4, we expect

to exclude t
�
t̄� production for t� quark mass values below

320 GeV. Based on the observed limits we can exclude

t
�
t̄� production for t� quark masses below 285 GeV at the

95% C.L. We achieve the best fit to the data with a t
�
t̄�

production cross section of 1.1±0.5 times the theoretical

cross section for a t
� quark mass of 325 GeV which gives a

p value of 0.015, corresponding to 2.2 standard deviation

from zero.

FIG. 3: Observed and expected upper limits and predicted

values for the t
�
t̄� production cross section as a function of the

mass of the t
�
quark for (a) e+jets, (b) µ+jets. The shaded

regions around the expected limit represent the ±1 and ±2

standard deviation bands.

FIG. 4: Same as Fig. 3 but for both channels combined.

In conclusion, we have searched for pair production of

a t
� quark and its antiparticle followed by their decays

into a W boson and a jet in 5.3 fb−1 of data collected by

the D0 Collaboration at the Fermilab Tevatron Collider.

We do not see a signal consistent with t
�
t̄� production,

although we observe a slight excess of events in the µ+jets

channel. If we use only the e+jets channel we can exclude

t
�
t̄� production for t� quark mass values below 295 GeV at

95% C.L. If we combine the e+jets and µ+jets channels

M(t�) ≤ 285GeV/c2 @ 95% C.L.

4th generation t’ quark : limits

• we achieve the best fit to the data  with a t’t’ production cross section 
of 1.1+/-0.5 times the theoretical cross section  for  mt’ = 325 GeV 
( 2.2 standard deviations)

13
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Flavour Changing Neutral Currents

14

(u,c)• Search for t! Zq (q = u,c)

• In SM, Branching Ratio  ~10-14 

• Beyond SM : BR as high as 10-4

• Sensitive indicators for beyond SM

• Event Selection

• high pT isolated electrons or muons

• One or more jets 

• Large Missing Transverse Energy 

Search for Flavor Changing Neutral 
Current couplings in decays of top quarks

Main Backgrounds :WZ,Zjet,ZZ

10Monday, March 21, 2011

 transitions between quarks of different flavour but same electric charge

F. Badaud, DIS 2011

arXiv:1103.4574v1 [hep-ex] 23 Mar 2011



Search for FCNC coupling in decays of top quark 

•  SM lagrangian  contains no FCNC terms.
      t→Zq (q = u,c)  is only possible through radiative corrections
              the branching fraction is ∼ 10-14

15
F. Badaud, DIS 2011

➞ the search is performed in top pair production

•   beyond SM : BR as high as 10-4

•  any top quark that does not decay via t→Zq is assumed to decay 
via t→ Wb 

• t→Zq  is generated by an anomalous FCNC term 

Standard Model

FCNC modelling

LFCNC = e
2 sin θW cos θW

t̄γµ(vtqZ − atqZγ5)qZµ + h.c.

atqZvtqZ

θW

‣ vector          and axial vector            couplings

‣          Weinberg angle



FCNC selection
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F. Badaud, DIS 2011

0 jet 1 jet ≥2 jets

-First search for FCNC in tt decays with trileptons

njet 0 1 ≥2

Background 25.66 ±0.28 ±3.26 5.06 ±0.14 ±0.56 0.92 ± 0.08 ± 0.09

tt̄ → WbZq 0.20±0.03 1.80 ± 0.27 3.87± 0.56

tt̄ → ZqZq 0.002 ± 0.001 0.020 ± 0.003 0.050±0.007

Observed 30 4 1

 
• high pT isolated  electrons or muons 
• large  missing transverse energy
• break sample into three jets multiplicity bins : 0, 1, ≥2

 require jets to have ET> 20 GeV, ΔR (l,jets)≥0.4(0.5) for muons (electrons)
       HT=Σ pT(leptons) +MET+Σ pT(jets) 
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FCNC : HT % reconstructed mtop distribution

• use HT=Σ pT(leptons) +MET+Σ pT(jets)
• and reconstructed top quark mass (from the Z leptons and jets) to separate 
signal from background.
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limits on         couplings 

Preliminary Limits on vtqZ Coupling

McGivern, LLWI  2011-2-23
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• Coupling limits
– vtZq : < 0.19 (observed), < 0.21 (expected) at 

95% C.L. (Preliminary)
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vtqZ

•  observed (expected) limit of B(t→Zq) < 3.2 % (3.8 %) at the 95 % C.L.
• the limits on the branching ratio are converted to limits on the FCNC 
vector            and axial vector             couplings.
• assuming  only one non vanishing              coupling, an observed (expected) 
limit of            < 0.19 (0.21) for mtop=172.5 GeV/c2  

vtqZ atqZ
vtqZ

vtqZ

limits on single top quark production via FCNC
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• Heavy W’ resonances decaying to tb
model-independent approach in which the W’ may couple to fermions with any 
combinations of left- and right-handed couplings

purely left-handed couplings M(W’) > 863 GeV
purely right-handed couplings M(W’) > 885 GeV
equal mixture M(W’) > 916 GeV

M(W’)> 800 GeVCDF

• 4th generation t’ quark

CDF

• Flavour Changing Neutral Currents 

CDF BR(t → Zq) < 3.7 %BR(t → Zq) < 3.2 %

M(t�) ≤ 285GeV M(t�) ≤ 315GeV

• More data available in the  full dataset 


